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ABSTRACT 

The environmental impact of air pollution on the 
earth can be described as grave. Air pollution, particularly acid 
rain, is devastating forests, crops, and lakes over wide areas of 
North America and Europe. In many cities, ancient buildings have 
eroded more in recent decades than they had over the previous 
thousand years. Indications are that Third World countries are 
starting to experience damage as well. This document discusses the 
Stat* of the earth in relation to the air pollution problem. 
Specifically discussed are: (1) "The Global Threat;" (2) "The 
Environmental Toll;" (3) ••Reducing Emissions;" (4) "A Political 
Progress Report ;•• and (5) "An Agenda for Clean Air.'' (CW) 
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Introduction 



Coketown lay shrouded in a haze of its own, which appeared 
impervious to the sun's rays. You only knew the town was there 
becai^ there could be no such sulky blotch upon the prospect 
without a town. A blur of soot and smoke, now confusedly tend- 
ing this way, now that way . . , a dens^ formless fumble, with 
sheets of cross light in it, that showed nothing but masses of 
daiicness. 



The filthy air of industrial revolution England, memorialized in 
this passage from Charles Dickens's ffard Times, is generally 
perceived as a thing of the past. But in many parts of Eastern 
curope, the Sov iet Union, and the developing world, similar 
air poUution conditions persist today. Even in the West, where air pollu- 
tion fs now far less visible tlan it was in Dickens's time, poor air quality 
nevc'rtheless contributes to hundreds of thousands of aeaths and mil- 
lions of ailments each year, dying forests and lakes, and corrcKiing 
buildings and monuments. 

Severe air pollution-related health problems span continents and levels 
of development. In the United States, some 150 million twple live in 
iire^s v/h*»re the Envircnmental Protection Agency (EPA; has declared 
that the air is uruit In greater Atheiw, the numrcr of deaths rises sixfbid 
on heavily polluted days. In Hungai^, a recent report by the National 
Institute of Public Health concluded that every 24th disability and 
every 17th death is caused by air pollution. In Bombay, breathing the air 
is eqmvalent to smoking 10 cigarettes a day. And in Mexico, the capital 
has oeen declared a hardship post for diplomats because of its 
unhealthy air; some governments advise women not to have children 
while posted there.^ 



I woukJ like to thank Chris Calwell Peter Sand, Debbie Sheiman. Michael Walsh, Fiona 
Weir, ami sever j1 of my collogues at the WorldWatch Institute for their insightful com- 
ments on preliminary drafts of this paper. 



The environmental im|^ct of air pollution is equally grav-* Air pollu- 
tion, i^rticulariy add rain, is devastating foieste, oops, and lakes over 
^ wide aieas of Europe and North America. In many dties, andent build- 
O ings have eroded more in recent decades than they had over the previ- 
ous thousand years. Indications are that the Thim World is starting to 
experiem^ damage as well. 

A century ago, air pollution was caused primarily by the coal that 
fueled the industrial revolution. Since then, the problem has grown 
increasingly complex and widesjn^d. In parts of the world that ccmtin- 
ue to rely on highly polluting brown coal for the bulk of their energy, 
including much of Eastern Europe and China, coal is still the main 
souire of air poUution. Elsewhere, nowever, automdnles and industries 
are now a pnmary cause. 

Maiw areas that have had long-standing programs to abate pollution 
are rinding their efforts overwhelmed as their populations and 
economies grow, bringing in ever more power plante, dome furnace, 
factories, and motor vehicles. Industrial activities arc increaangly emit- 
ting por /tants of worrisome toxidtv. Millions of tons of caronogens, 
mutagens, and poisons arc relea^a into the air each year, damaging 
health and habitat near their sources and, via the winds, sometimes 
tJiousands of kilometers away.^ 

Even some of the solutions have become part of the problem: the tall 
smokestacks that were built in the sixties and seventies to disperse 
emifflions became conduits to the upp^ atmosphere for the fx>Uutan{s 
that form add rain. Once a Iwal phenomenon primarily affecting dty 
dwellers and the immediate inhaoitante of industrial plants, air pollu- 
tion now reaches rural as well as urban dwellers and crosMS interna- 
tional borders. Since one country's activities can damage another's 
citizens and ecc^ystems, emissiorts have become the subject of interna- 
tional negotiations and treaties. Tho jgh there have been some reduc- 
tions in spedfic pollutants in specific areas, in general the problem has 
only gotten worse. 

Meanwhile, global warming has arisen as a main focus of environmen- 
tal concern, sometimes conveying the misleading impression that air 
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^Aif ponution has prov«i so 
intractable ttiat a book could 
be written about die history 
of efforts to combat it"^ 



pollution is yesterday^s problem. But traditional air pollutants and 
greenhouse gases ^em lai^ly from the burning of fossil fuels in enei^, 
transportation, and iinitistrial S3rstems. Having common mots, air pol- 
lution and global warming can also have common solutions. 
Unfortuiuitely, policymakers pmist in tackling them in isolation^ which 
runs the risk of lessening one set of problems while exacerbating the 
odier 

Air pollutkm has proven so intractable a phenomenon that a bode could 
be written about the history of efforts to combat it. The world's first 
clean air act may have been a 13(^ proclamation by King Edward 1 of 
England banning the burning of ""sea coles'' — chunks of coal found 
akn^ the seashore— by London craftsmen. Nrarly six centuries later, 
the doal Smoke Al^tement Socto^^ pit>bably the world's first air pollu- 
tion procure group, was foundea in London to comt^t that dty s leg- 
endary soot. Nonetheless, thousands of Londoners died in the 
infomoi^ 1>lack fog^ of 1952, leading to stricter emissions insulations. 
Today, the Coal Smoke group has a new name, the National &>dety for 
Clean Air, but its work remains unfinished. Though coal smoke (s no 
longer the main problem, air quality is still unsatisfactory. Similarly, in 
the united States, Congress passed a landmark Clean Air Act in 1970, 
proclaiming that it would restore uii^n air quality TWenty years later, 
487 counts still are not in compliance, and Congress is back drafting a 
revised v«sion,^ 

The reason efforts to clear the air have only been maiginally successful 
at t^t is because they have focused on specific measures to combat 
individual pollutants rather than addressing the underlying societal 
structures tnat ^ive rise to the problem in the first pla«. Winning the 
battle aeainst air pollution will require moving beyond this myopic 
approacn by reforming enei^, transportation, and industrial systems. 



The Global Health Threat 

That air pollution could cause serious health problems first became 
evident aurine the industrial revolution, when many cities in Europe 
and the United states were covered with black shrouds of a>al smoke. 
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On bad days, sickness was common, sometimes even leadine 
to deaths.^ ** 

8 Incidents such as London's "black fog" prompted many governments 
to enact Illation to combat the primary pollutants of the day, sulfur 
dioxide {SO2) and particulate emissions from stationary souires such as 
power plants, industries, and home furnaces. Both SO, and parHcu- 
lates— Mther alone or in combination— can raise the incidence of respi- 
ratonr diseases such as coughs and colds, asthma, bronchitis, and 
emphysema. Particulate matter (an overall term for a complex and 
vai3^ mixture of pollutants in minute solid form) can carry toxic met- 
als deep into the lungs-S ^ 

With tite aid of poUution control equipment and improvements in ener- 
^efficiency, many industrial countries have made major strides in 
reducing emissions of these poUutants. The United States, for example, 
cut sulfur oxides emissions by 28 percent between 1970 and 1987 and 
particulate bv 62 percent. (See Figure 1 .) In Japan, sulfur dioxide emis- 
8) ns fell bv 39 percent from 1973 to 1984. Many Western Euiopean 
countnes also significantly reduced their emissions in both categories 
from power plants, industries, and heating. In certain European ciHes, 
however, the widespread introduction of diesel-fueled vehicles, which 
emit lai^ge quantities of particulates and some SO,, threatens to necate 
earlier gains.6 * 

!r, ^?f.?^ f.""*!^ \iv^ovi, hasty industrialization after 

Wbrld War II powered by the region's natural endowment of high-sul- 
fur brown coal has led to air quality reminiscent of London at its 
Dickensian worst. The lack of market forces kept these countries from 
realizing the impressive gains in enei^gy efficiency registered in the West 
aftCT the oil shocks of the seventies, and their weak economies still pre- 
clude ma^r investments in pollution control.^ 

Though emissions data for developing counhies are scarce, air quality 
m many pties is known to be unhealthy Plans to expand energy and 
industrial production and the lack of adequate pollution conht>l regula- 
tions mean that air quality in many cities is likely to get even worse 
China, for example, increased coal output more than twentyfold 
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Figure 1: Einissi<ms of Selected Pollutants 
in the United States, 1950-87 

between 1949 and 1982 and plans to double consumption by the end of 
the century. In India, SO2 emissions from coal ancf oil nearly tripled 
between the early sixties and the late seventies. Growing urbanization 
in much of the Third World means that ever increasing numbers of peo- 
ple are being exposed to polluted city air.» 

A recent report by the United Nations Environment Program (UNEP) 
and the World Health Organization (WHO) gives the best picture to 
date of the global spread of SO2 and particulate pollution. (See Tables 1 
and 2.) In terms of average annual concentrations, 27 of the 54 cities 
with data available on sulfur dioxide for 1^0^ were on the boiderUne 
or in excess of the WHO health standard. High on the list were 



Tible 1: Ten Cities in the GEMS Network with the Highest Sulfur 
Dio)dde Concentrations, Mid-eighties' 



\Q Days above 

City Annual Mean' Standard* 



(micrograms per (per year) 

Milan 185 66 

Shenyang 152 146 

Tehran 132 104 

Seoul 115 87 

Riodelaneiro 106 NA 

SSk) Paulo 92 12 

Xian 83 71 

Paris 83 46 

Beijing 81 68 

Madncl 72 35 



' Figures are the averages of readings at a variety of monitoring sites over the period 
198&-«4. 

^ WHO annual-mean standard is 40-60 micrograms per cuWc meter. 

' WHO daily standard is 150 micioerams per cubic meter. Cities are in violation of the 

standani when th^ exceed it more than seven days per year. 

Source: Worldwatch Institute, based on data supplied by the Global Environment 
Monitoring System and data published in U N. Environment Program and 
World Health Organization, Assessment of Urban Air Quality (Nairobi: Global 
Environment Monitoring System, 1 9^). 



Sh«iyang, Tehran, and Seoul, as well as Milan, Paris, and Madrid, indi- 
cating that SO2 problems are by no means over for industrial countries. 
Indeed, Milan topped the list of average annual concentrations, with a 
reading more than three times the WHO norm. Though conditions are 
gradually improving in most of the dties surveyed, several in the Third 
World reported a worsening trend.* 

Suspended particulate matter poses an even more peivasive threat, 

ERJC 12: 



y ■ 



llible 2: Suspended Partictilate Matter Levels, Various Cities, 

Mid«ighties' 



Citjr 


Annual Mean' 


Days above 
Standard' 




(mkrognur^ per 


kpety&a) 




cubic meter) 




Kuwait 


603 


NA 


New Delhi 


405 


294 




399 


272 


Tehran 


245 


174 


Jakarta 


231 


173 


Ban^cok 
Kuala Lumpur 


197 
130 


97 
37 


Zagreb 


127 


34 


Rio de Janeiro 


114 


11 


Ltebon 


104 


12 




are the averages of readings at a variety of monitoring sites over the period 



^ WHO anmiaKm^in standaid is 6(>^ micrograms per cuUc imter. 

^ WHO daily standard is 230 micn^ams per cubic meter Cities are in violation of the 

stamlaid tirrai they exceed it moie man seven days per y^. 

Source: WorldWatch Institute, based on data supplied by the Global Environment 
Monitoring System and on data pubUsheo in environment Program and 
World Health Organization, Assessment of Urkin Air Qtmlity (NairoH: Glo^l 
Environment Momtoring System^ 1^). 



especially in the developing world. Fully 37 of the 41 cities monitored 
for particulates averaged either borderline or excessive levels. Annual 
average concentrations were as much as five times the WHO staruiaid 
in Kuwait/ New Delhi, and Beijing. The extraordinary levels noted in 
some Third World cities can be partially exolained oy natural dust; 
other culprits include the blacky particulate-laden smoke spewed out by 
di«^*fueled vehicles lacking even rudimentary pollution contxols/ and 
emissions from motor scooters quipped witn highly {K>llutlng two*- 



cycle engines. WHO and UNEP concluded that nearly 625 million peo- 
ple around the world are exposed to unhealthy levels of sulfur dioxide 
and more than a billion— one in five petmle— to excessive levels of pai^ 
ticulates.io 



Nations that built taU stacks to improve local air cpoality may have sim- 
ply sent their health problems elsewhere. Though acid dep- 
osition—formed in the atmosphere by chemical reactions involving 
sulfur dioxide or nitrogen oxides (NO,), and more commonly called 
acid rain or precipitation— is best known as an ecological threat, it is 
also suspected of having grave health repercussions. SiSfur dioxide can 
be chemically transformed into fine sulfate particles that mix with 
water in the air, liquefy, and become aerosols that are easily breathed 
deep into the lungs, bringing toxic metals and gases along v/ith them. 
Some researchers believe this combination may be responsible for as 
many as 50,(X)0 deaths in the United States every year— 2 percent of 
total annual mortahty." 

Add deposition threatei^ human health indirectly as well. It can make 
several dangerous metals— including aluminum, cadmium, lead, and 
mercury— more soluble than usual Tlw* metals can then leach from soils 
and lake sediments into aquifers, strea ms, and reservoirs, contaminat- 
ing water supplies and ediDle fish. Acidic water can also dissolve toxic 
metals from the conduits and pipes of mimidpal and home water sys- 
tenw, poisoning drinking supplies. In portions of both the United States 
and Sweden, elevated levels of certam metals have been found in the 
water of several areas receiving add predpitation.'^ 

PoUutants that stem predominantly from cars have been fought around 
the world even less succes3<:fully than sulfur dioxide and particulates. 
One of the worst of these is ozone, the principal ingredient in urban 
smog. Ozone is a gas formed when eneigy from sunl%ht causes hydro- 
carbons (a by-product of many industnal processes and engine) to 
react with nitrogen oxides (produced by both cars and power plants). 
Recent U.S. research suggests that this ground-level ozone causes tem- 
porary breathing difficulty and long-term lung damage in lower con- 
centrations than previously believed. Other dangerous pollutants 
emitted by automobiles include carbon monoxide, nitn^en dioxide, 
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" ''Nations that built tall stacks 

to improve local air qnalitv 
may nave simply sent their 
healUi problems elsewhere/ 



l^d, and toxic hydrcKrarbons such as benzene, toluene, xylene, and 
ethylene dibromide. (See Table 3.)>3 

Ozone has become a seemingly intractable health problem in many 13 
parts of the world. In the United States, 1988— one of the hottest and 
sunniest years on record — was also the worst year for ground-level 
ozone in more than a decade. According to the Natural Resources 
Defense Council, the air in New York City violated the federal health 
standard on 34 days — two to three times a week, all summer \or$. In 
WE^hlngton, D.C, tlw ^andard was topped every third day, <m average, 
during me summer months. And in Los Angeles, ozone levels sui^ged 
above the federal standard on 172 days. All told, 382 counties, home to 
more than half of all Americans, are currently out of compliance with 
the EPA ozone standard.^^ 

Wet;tem Eun^ had its turn in 1989, when imusually sunny conditions 
in some countries during the stunmer led to high ozone readings. In the 
mmnallv cknidy United Kingdom, for exampte, ridings above WHO 
standaros tm several days pro mp ted calls for a "mm$ akif system, hx 
the rest of Europe, monitoring by the Organization for Economic 
Cooperation ana Development (a group of countries comprising all of 
Western Europe along with the Umted States, Canada, and Japan) indi- 
cates that caone levek in excess of WIK>-suggested levels occur at least 
occasiomlly over much cA the continent^^ 

Information is scarce on ozone conditions in East^ Europe, the Soviet 
Union, and the developing world. Rapidly growing fleets of vehicles 
lackii^ emissions controls, however, portend worsening conditions in 
many ar^is. Latin America appears to have a grave problem, due bctit 
to weatiier conducive to ozone formation and to rapid growth in auto- 
mobile ownership rates, hi Mexico City, the relati\^!y lenient govern- 
ment standard of a one-huur ozone pesoi of 0.11 parts per miUion not to 
be exceeded more than once daily is topped more than 300 days a 
year— ova* twice as often as Los Angeles violates its much stricter stan- 
daid." 

Even though the addition of catalytic converter to automobiles has 
greatly reduced emissions of carbon monoxide and nitrogen oxides 
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l^le 3t Health Effects of Pcrilutants from Automobiles' 
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Pollutant 



Health Effects 



Carbon Monoxide 



Lead 



NitTDg^ Dioxide 



Ozone 



Toxic Emissions 



Interfiles with blood's at^ty to ateorb oxygen, 
which imf^irs p^ception and thinking, dows 
reflexes, causes dixnvsii^ss, and can cause un- 
consciousne^ and death; if inhaled by pregnant 
women, may thn^ten growth and nnental develop- 
ment of fetus. 

Affects drculatcny, reproductive, nervous^ and 
kidney systems; suspected of causing hyperactivity 
and towered learning ability in children; accumu- 
lates in bone and other tissues, so hazardous even 
after expc^ure ends* 

Can incre^ susceptibility to viral infections such 
as infli^nza, irritate the lungs, and cause bronchitis 
and pneumonia. 

Irritates mucous membranes of respiratory system; 
causes coughing, choking, impaired lung huiction; 
reduces resistance to oolas ara pneunv>nia; can 
aggravate chnmic heart disuse, asthma, tnbnchitis^ 
and emphysema* 

A broad cat^ory including many different com- 
pounds that are suspected or known to cause can- 
cer, reproductive problems, and birth defects* 



' Automcrfriles are a primary source, but not the only source, of these poOutants. 

Soutte: Wof Idwatch Institute, based on National Clean Air Act Coalition, The Clean Air 
Act: A Briefing BotA for Members of Congress (Washington, D.C.; ^985h and othe: 
sources. 



from individual cars in countries where they are required (Austria^ 
Canada, Japan, Norway, South Korea, Sweden, Switzerland, and the 
United States), the recent WHO/UNEP report estimates that 15-20 per- 
cent of urban residents in North America and Europe are exposed to 
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"In Mexico, an entire generation 
of children may he intellectually 
stunted by lead po^soninf." 



unacceptablv high levels of nitrogen dioxide and 50 percent to 
unhealthy carbon monoxide concentrations.!^ 

Fortuitously for hunvan health, catalytic converters are damaged by 
leaded gasoline. Where converters are required, the mandated use of 
unleadM gasoline has resulted in steep declines in lead emissions. In 
the United States they fell by 96 percent between 1970 and 1987 as a 
result of both the switch to converters and, aft^ 1^, legislation halv- 
ing the amount of lead permitted in regular gasoline. The average lead 
level in Americans' blood dropt^ by more than one-third between 
1976 and 1980." 

Mo^ cmmtries, howevo-, mandate neither converters mn* tml^ded g^. 
The WHO/UNEP report estimated that a third of North American and 
Eurc^j^m city dwellers are exposed to either mamnal or unacceptable 
concentrations of lead in the air. Paris topped the list of a limitea xan- 
pie, with an annual average concentration far in excess of the WHO 
guideline. In a study in Mexico Qty, 7 out of 10 newborns were found to 
nave lead levels in their bl(X)d in exce^ of WHO norms. '^Ths implied* 
ticm to the Mexican society, that an entire generation of children will be 
intellectually stunted, is truly staggering,'' says Mexican chemist and 
environn^tal activist Manuel Guerra 

Concern is growing in the United States over the health threat posed by 
less ubiquitous but extremely harmful airi>ome toxic chemicals pro- 
duced primarily by various industrial processes* Such chem- 
icals — which can cause cancer and birth and genetic defects — have 
crflten fallen through tte holes in the r^ulatory net. The current wave of 
concern has been fueled by the EPA's recent announcement that 1 2 bil- 
lion kilograms of hazardous ppllutante were relea^ into the air by 
industries in 1987, including 107 million kilograms of cardnc^ns. Ev^ 
this number is an underestimate, as it omits sources such as waste 
dumps, dry cleaners, and cars, and chemical rel<rases into soil or water 
that end up in the air through evaporation. The true ntunber may be in 
exce^ of 22 billion kilograms anntially, the EPA admits.^ 

In a 1987 report, the ageno^concludes that CTdi^tons of toxic materials 
into the air cause some 2,000 cancer deaths a year. Because the study tal* 
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lied the effects of only a third of known carcinogens, this is likely an 
undoestimate. If all the hundreds of chemicals emitted into the air had 
been included and their synergistic effects considered, the number 
woul -obably be far higher. Other studies have ftnmd high cancer 
rates l w'ommunities near certain typ^ of fectories. For example, in 
West ^rg^'s Kanawha Valley— hcnne to roughly 250,000 people and 
13 nuijor chemical plante— «tate health dei»rtaMnt records show that 
between 1968 and 19^ the incidence of respiratory cantxr was more 
dian 21 parent above the national average. Aoxnding to EPA statirtics, 
a lifetime (rf ecp(»ure to ^ airborne concaitrations ctf butadiene, chlo- 
roform, and etnylene oxide in this valley could <ause cancer in 1 resi- 
dent in IXXM.^i 

Unfortunately, similar data are not available for other countries. 
V^erever uncontrolled polluting indusbi^ such as chemical plants, 
arnelters, and paper mills east, however, emis^ons levels are uxuioubt- 
edly high. Measuronente of 1^ and cadmium in the soil of the upper 
Silesian towns of Olkosz and Slawkow in Poland, for instance, are 
among the hig^iest ever recorded anywhere in the world. The govern- 
ment fo considering a ban on growmg v^etables in several Silesian 
towns due to soil concentrations of cadmiwn, lead, mercury, and zinc 
that are 30-70 percent higher than WHO iM)nra.22 

Airborne toxic chemical emissicms are likely to rise rapidly in devek^ 
ing countries as iitdustrialization continiies. The Third Worki's share of 
glol^l iron and steel production rose from 3.6 percent in 1955 to 17.3 
percent in 1^. In Incua, pesticide production iiusneased from 1,460 tons 
m 1960 to 40,680 tons in 1980— nearly thirtyfbld. Productkm of dyes and 
pigments grew at a comparable pace over the same pericKi, reaching 
30,850 tons by 1^. Most of these countries have few pollution controls 
and little enviroiunental regulatioit^ 

Recent evidence suggests that toxic chemicals enutted into the air Cui^ be 
carried great distances before falling to theground, a phenomenon 
already well known in the case of add rain, llhis explains in fwt wh> 
DDT,presumably blown in from Central America or Mexico, is being 
found in the Great Lakes years after the pesticide was banned in the 
United States and Canada. It also may explain why researchers at 
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^HFishless lakes, djrii^ forests, 
and fa^le^ andent sculptures 
all provide sad te^imony to tiie 
destruction industrialization has fvroughL" 



McGill University in Montreal have found DETT and FCBs throughout 
the Eskimos' food chain, includii^ in bears, fl^ berries, and »iow.24 

Putting a dollar value on the h^th costs of air pollution is difficult, as it 17 
invdv. J judgments about the wwth of good health and hurian life. The 
few guesses made suggest a very high price. Thomas C^ker of the 
University of Wyoming, for one, estimate that air pollution costs the 
United States as much as $40 billion annually in health care and lost 
productivity. And a study conducted in conjunction with a proposed air 
quality plan for Los Angeles projected that the region would save $9.4 
mlhon a year in health care expc^ises under the new plan — more than 
three tin^ what it is expected to cost.^ 



The Environmental To I 

Though concern for human h^lth was the mc^vating factor behind the 
world's first a>ntrol laws, the last 20 years have demonstrated that air 
pollution poses an equally grave threat to the environment and to 
human constructions, Fishless lakes and streams, dying forests, and 
faceless andent sculptures all f rovide sad testimony to the destruction 
that industrialization has wnn- ght. 

The first wamii^ came in the late sixties, when sdeniists in Scandinavia 
began to suspect that SO2 emissions from the more urban and industri- 
alized countries of Europe, such as the Unit^ Kingdom and West 
Germany^ might be responsible for declining fish stocks in their hkes. 
American scientists studying acidity at the Hubbard Brook 
Experimental Forest in New Hampshire soon found similarly ominous 
iiwicationa Extensive investi^tions in the seventies reveled that add 
deposition was indeed acidifying water and killing fish and other 
aquatic oiganisms in gecdi^cally susceptible areas of S^dinavia and 
North America. (See Table 4.)^ 

In recent years, laige areas of the world have be^ fotmd to fall into this 
worrisome category of "^logically susceptible/' In the United States^ 
much of the Great Lakes region, several southeastern states, and many 
of the mountainous areas of the West appear to be at risk, in addition to 



TU>te 4: Evidence of Addified Lake^ Selected Coimtries 



Country 



Evidence 



Can^ 



Finland 



Nonvay 
Sweden 

United Kingdom 
United States 



More than 14,000 lakes strongly acidified, ami 
150XX)0 in die tl^ East (one in seven) suffering bio- 
logical dam^. 

Survey of 1J00O lakes imiicates \hdt those with a low 
add-neutralizing capacity an^ d;stiitnited across the 
country; 8 pmr^t of these lak^ have no neutraliz- 
ii^ cap^ty; mort stron^y addified oi^ aro kxat- 
edin soutKern Finland. 

Fish eliminated in waters cwering 1 3XXX) ^juaie 
kikmietei^ and othemise a£tectedin watm ov^ a 
f iuther ^,000 square kilometers. 

14,000 kdces unable t^ support sensitive aqiiatic life 
and 2,^ ' early lifeless. 

Sonte addified lakes in southwestern Scotland, 
we^m Wales, and the Lake District 

About 1 ,000 addified lakes and 3,000 maiginally 
addic cmes, acconlii^ to the Environment 
Defense Fund; a 1^4govemment study found 552 
stron^y addk lakes and 964 maiglnally acidic ernes. 



Sources: Jim Ketdiam-Colwilt "Add IJa'^i: Sdence and Control I^ues,"" Environmental 
and Energy Study Institute Spedal RefKjrt, Julv 1 2, 1M9; U,N, Economic 
Commission for Europe. ''Current Geographical Extent of Addlfication in 
Rrversx Lakes, and Reservoirs in the ECE RegiiMi'' (draft), June 15, 



the Northeast/ wherie damage has been evident for some time* Half the 
TDO^OOO kdces in die six eastern province of Canada are extremely add- 
sensitive/ at are large ai^ in all ite western provinces, the Yukon, the 
Northwest Territories, and Labrador Similarly vulnerable parts of 
^Igium, Denmark, Ireland, Italy, the Netherlands, Switzerland, and 
West Germany have been added to the Europran list, whidi previously 
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included only Scandinavia and the Unit^ Kingdom. Vast parts of 
Africa, Asia, and South America are also add-sen^tive.^ 

Canadian biologist fJavid Schindler warns that the ecological conse- 
quences are great. Though concern initially focused on damage to fish, 
many other aquatic oi^nisms can also be atfected. To investigate the 
biological impct of this process, SchiiKller and his collogues delibeiv 
ately acidified two lakes m northwest Ontaria VVhen the first lake watt 
from a pH of 6.5 to 5.0 over eight years, approximately a third of the 
species studied were eliminated. Extrapolatine from these findings, 
Schindler estimates that in the Adirondack and the Foconos-Catskill 
regions, more than half the sensitive species sudi as moUusks, leeches, 
and crustacrans have been wiped oui^ 

Recent evidence sitggests that the threat to coastal waters may be of 
similar majmitude. iV1988 study by the Environmental I^fense Fund 
concluded that add dqx>sition is a major contributor to the degradation 
of the Chesapeake Bay. In a pnxxss known as eutrophication, nitrogen 
from a variety of soiuces caus^ "alg^ blooms." Whai the al^e decay, 
th^ choke off the oxy^ and inmli^t required by other aquatic plants 
ana animals. The study found that airborne nitrates accoimt for fully 25 
percent of the total nitrogen load currently entering the Chesapeake. If 
emissions continue tl^ upward climb, iJm share will rise to 42 peicent 
by the year 21030. Other research has shown that 27 percent of the Baltic 
Sea's mtrogen load comes from the air.^ 

In the early eightira, concern about the fxwsible effects of add deposi- 
tion spread fnnn lakes and streams to forests. Signs of widesprrad dam- 
age attributable to add deposition first arose in West Germany. The 
share of forests there showing signs of damage r(»e from 8 percent in 
1982, the first year a survey was done, to 34 percent in 1983, to 50 per- 
cent by the following y^r. It peaked in 19^, at 54 percent, and has since 
declined slightly, to 52 percent in 1988. Because dead trees are not 
included in the surveys, however, slightly lower percentages do not 
necessarily m&m an improvement.^ 

Wide public debate about the causes and consequences of this forest 
dedine followed. Though the exact mechanisms are still not precisely 





understood, most scientists believe that a complex mixture of pol- 
lutants — including acid deposition, ozone, and toxic metels — renden» 
forests susceptible to a range of natural stresses, such as droughts, 
extremes of heat and cold, and blights, that combine to cause the 
dedine. Initial fears of ma^ive forest death throughout the continent 
haw not been borne out, but damage is widespread and has exacted a 
high eomomic toll. 

Since the initial alarm in West Germany, concern about forest danuge 
has £n>r^d throughout the world. In Europe, several countries have ini- 
tiated annual surv^rs. The results are now Inought te«;ether in a yearly 
assessment by the U.N. Economic Coir-mission for Europe. The 1988 
report found at lea^ preliminary sigr» of damage in each of tltt ^ areas 
surveyed. TVventy-two of the surveys— r.ost of them national— found 
30 percent or more of their fon»ts to be damaged; for eight, the figure 
was half or more. Across the continent, nearly K) million Hectares have 
been damaged, representing 35 percent of Europe's total forested area. 
(See Tables:) 

North America may be next in line. Though the damage doctunented to 
date has been mc»tly restricted to isolated, high-altitude environments, 
many fear it is only a matter of time before it spreads to other ar^. In 
the United States, some declines, such as those of Jeffrey and ponderosa 
pines in California and of astern white pines, have been condudvely 
link^ to high conc«itratioris of ground-level ozone. In others, such as 
those of the red spruce, Fraser fir, yellow pines, and sugar maple, 
researchers are less certain atwut the role ot air pollution. Even with 
these species, hc wever, high levels of recorded pollution often corre- 
spond to areas of isxtensive damage, suggesting a link,^' 

On the siunmit of Mount Mitchell in North Carolina— where virtually 
all the red spruce and Fraser fir trees are dead— ozone leveb more than 
half the time exceed those at which tree damage has been proved to 
occur in controlled laboratory studies. Cloud samples taken on this 
mountain during 1986 showed a pH varying from 5.4 (dightly addic) to 
as low as 2.2, with a mean of 3.4. "It's plain," says plant pathologist 
Robert Bruck, who has been studying damage in this area for ycare, 
"that no one has proved, or ever v«ll, that air pollution is kill'ng the 
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lU^le & Estimated Forest Dam^ in Eun^ 1^ 



Connttyor Area 





Estimated 




Total 


Area 


0l1al« 


Forest Area* 


Damaged 


Of lotai 


(thousand hectares) 


(percent) 


4378 


3,250 


71 


2^ 


1,302 


64 


2:200 


1,408 


64 


1,795 


933 


52 






52 


150 


77 


51 


8 


4 


50 


5,925 


2,963 


50 


466 


228 


49 


8,654 


4,240 


49 


311 




48 


115 


53 


46 


2,955 


1300 


44 


3,627 


1360 


43 


1,186 


510 


43 


88 


37 


42 


20/)59 


7323 


39 


23 7D0 




39 


248 


87 




4389 


1364 


32 


11,792 


3,656 


31 


334 


100 


30 


3,754 


1,089 


29 


14,440 


3321 


23 


1,637 


360 


£Z 


1,810 


380 


21 


307 


61 


20 


3,060 


122 


4 


13,474 


NA 


NA 


140,956 


49347 


35 



Cz!edK>sk>vakia 
Greece 

United Kingdom 
Estcmia, Soviet Union 
WestGennany 
lUscany, Italy 
Ltechienstein 
NcMway* 

Denmailc 
I^^aml 
Netherlands 
Flanders, Belghim 
Eart Germany 
Bulgaria 
Switzerland 
Luxembouig 

Finland 
Sweden 

WSdlonla, Belgium^ 

Yugoslavia 

Spain 

lieknd^ 

Austria 
France 



Lithuania, Soviet Union 
Bcdzano, Italy 
Portugal 
Othei^ 

TOTAL* 



*For areas where only conifers wctp surv^red, "totaJ forest area'' means total forested area 
of conifers. For Yugoslavia, which conducted only a regionai survey "total forest area" 
means total area surveyed. 

Klbnifers only. In Ireland, only trees less than 60 years old were assessed . 

^ndudes unsurv^^ed portions of countries that nave done regional and conifw-only sur- 

vej^» 

♦Does not include Turkey or any of the SovW Union except tot Estonia and Lithuania. 

Somce: VS^oridwatch Ii^tute, based on U.N. Environment Program and U.N. Economic 
Conuni^ion for Europe, "lH>fest I^mage and Air Pollution: Report of the 1988 
Forest Damage Survey in Eurq>e/ Clobat Environment Monitoring System, 
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trees up here. But far more quickly than we ever expected, we've ended 
up with a highly correlated bunch of data— high levels of air pollution 
correlated to a decline we're watching in progress.*^ 

The economic toll to the forestry and tourism industries is potentially 
enormous. Environmental scientist in Poland predict that forest loss 
will cost the country $1 3 billion by 1992. Economists Werner Schulz 
and Lutz Wicke estimate that forest damage will cost West Germany 
between 53 and 8.8 billion deutsche marks ^98-4.77 billion) annually 
over the next 70 years, depending on how strictly emissions are con- 
trolled. The losses arc not only monetary: Hchtelb«g, a moimtain akntg 
the East G^man and Czech(»lovaklan border, once attracted many vis- 
itors who scaled it to marvel at the view. Now the panorama consists 
only of a vast expanse of dead trees.^^ 

In addition to forests, air pollution also threatens crops. Ozone is the 
primary concern, although SO2, nitrogen oxides, and sulfate and 
nitrates are also thought to be potentially harmful. The most compre- 
hensive studies on this problem have b^n conducted in the United 
States. A 1987 government report by the National Add Precipitation 
Assessment Program concluded that current levels of -^zone were 
reducing crop yields by 1 percent or less for sorghum and com, by 
about 7 percent for cotton and soybeans, and by more than 30 percent 
for alfalfa. Total crop losses were estimated to be in the range of 5-10 
percent of production. According to one estimate, this represents an 
economic loss of some $5.4 billion.^ 

Reports of similar damage to Third World forests and crops are starting 
to be i^rd. Damage in China's southwest forests is being increasingly 
linked by scientists to air {dilution and acid rain caused by a heavy 
reliance on high-sulfur coal. Ir Sichuan's Maocaoba pine forest, more 
than 90 percent of the trees have died. On Nanshan hill in Chongqing 
(Chungking), the biggest city in southwest China, a IW-hectare forest 
of dea^e masson pme has been reduced by almost half. Both these 
regions have highly acidic rain and elevated levels of sulfur dioxide. 
Oiina's Science and Technolo^ Daily reported in May 1 989 that add rain 
is causing serious damage m Hunan Province as well, including crop 
losses worth about 1 billion yuan annually ($260 million at 1989 official 



24' 



'Oa^ maible busts 
transmogrified into noseless and 
earless plaster grotesques.' " 



eMrhange rates). Localized damage to trees and cix^ from air pollution, 
and possibly from acid deposition, has also been reported in Brazil, 
Chite, and Mexico.^ 

Elevated levels of acidity and oz(»^ also ha ve been foumi in tn^cal rain 
ibreste remote from industries and urban areas. In Latin America, the 
poDution is attributed to the encnrrums fires that rage as cattle ranchers 
and settloRs dear land. In Aftica, it stems 6xmi fires uiat bum for months 
ocrc^ thousands of square kilometm of Afrion savanna, lliey are set 
by £b mers aiKi herders to clear shrubs and permit the growth of crops 
and glass. TVopical areas are thought to be especially vulnerable to adoi- 
ficatkm^ because tl^ soils are bw in natural buffierii^ agents.^ 

In contrast to damage to lakes and forests, that to the human-made 
oivironment is nu^ frequ^itly a local problem. Suihir dioxide and its 
acidic chonical derivatives are believed to be the chief culprits, though 
nitrogen oxides, ozone, and other pollutants also contribute.^ 

Corrosion of historical monuments is particularly evident in 
Europe—from the Acrc^Us, to the Royal Palace in Amsteidam, to the 
medieval buildings and monuments of Krakow, Poland. Although 
some decay is to be expected in structures dating to antiquity, pollution 
is greatly speeding the process. T.N. Skoulikidis, a Greek specialist on 
acid ccmosion, has estimated that Athenian monuments have deterio* 
rated more in the past 20-25 years from poDution than in the previous 
2,400. Damage to fustorical artifacts and edifices is evident throughout 
Italy^Classic marble busts," says New York TirrKS correspondent Paul 
Homnan, are being "transmogrified into noseless and earless plaster 
grotesques.'' In the Katowice r^ion of southern Poland, trains must 
MOW down in certain places because the railway tracks have corroded, 
apparently jfrom add rain.^ 

In the United States, air pollution may prevent the nation's historic 
monuments from ever reaching the ripe old age of Europe's. Aheady, 
Independence Hall in Philadelphia, where the Declaration of 
Independence was signed, is experiencing damage. At the Gettysburg 
Qvil War battleBeld, every statue or tablet made of bronze, limestone, 
or sandstone is being slowly but inexorably ^ten away Both the Statue 



of Liberty, made of copper, and the Washington Monument, a granite 
obelisk faced with marole, are also threatened.^ 

Again, the Third World is following the example of the First. The Taj 
Mahal appears to be endan^^ei^ed by emissions from an upwind oil 
refinery tl^t are eroding its marble and sandstone surfaces, and recent 
r^^utih has found that add rain fallmg on the Yucatan Peninsula and 
much of southern Mexico is destroying the temples, murals, and 
megaliths of the Mayans.^ 

Like the ^virDnm^tal damage caused by air pollution, the cost of cor- 
roding buildings and other materials can be high. Though qtiantifyin'- 
the exact toll is difficult, aven scientifk uncCTtainties about the predsc 
mechanisms of decay and difficulties in distinguishing between natural 
and acid-induced erosion, some rough attempts have been made. 
Researchers t the Swedish Conroion Institute estintated in 1984 that 
corrosion to materials of all kind cost Sweden $2.5 billion per year. A 
1980 report by the Dutch Ministry of Health and Environmental 
Protection estimated damage to monuments, libraries, and archives in 
the Netherlands at $10-15 million annually. Studies conduct^ in the 
United States have suggested a price tag m the billions. When these 
numbers are added tu the other cc^ts exacted by air pollution, reducing 
emissions begins to look cheap by comparison.^^ 



Reducing Emissions 

The tranendous damage to health and environment inflicted by air pol- 
lution has not been lost on the public or on policymakers. In the west- 
em, industrial world, the last 20 years has oeen a period of intensive 
political and scientific activity aimed at restoring clean air. The 
approaches to date, however, have tended to be technological Band* 
Aids prescribed by regulatory intervention rather than efforts to 
address the roots of the problem: the very nature of society's energy, 
transportation, and industrial systems. 

The most widesprrad technolc^cal intervention has been the introduce 
tion of electrostatic precipitators and baghouse filters to control particu- 
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late emissions from power plants. Their tise is now rrauired in virtually 
all countries in the Organization for Economic Cooperation and 
Devdopznent (OECD). lliough such technok^es can reduce particu- 
late enussions from smokestacks by as much as 99.5 percent, they do 
nothii^ to preyoit gaseous emisaons. These in turn can be convCTted in 
the air to acidic particles, such as sulfates and nitrates, harming both 
human health and the envircmment^ 

Tlw predominant technique used to reduce sulfur dioxide has been to 
put flue-gas desulfuiization (PGD) devices, popularly known as scrub- 
has, on coal-burning power plants. Scrubbers can remove as much as 
% perrent of SO2 eims^ons. Among the members of the OECD, n^rly 
140^)00 megawatts of power plant capacity were eitho* equipped witn 
FGD or hadit under corotruction at me beginning of 1988. Ine United 
States led in total ''scrutd)ed" capacity, with bZJOCS megawatts, but this 
lepresoited only about 20 potcsnt of national VS. coal-fired generating 
capadty, compared with roughly 40 percent in West Germany, 50 per- 
cent in Sweden, 60 percent in Austria, and 85 percent in Japan. By the 
end of ♦He decade, the figures arc expected to be 70 percent in Italy, 85 
percent in We^ Germany, 100 percent in tl^ Netherlands, but still only 
30 poKxnt in the United States.^ 

Though sout^Ters have been rare elsewhere, this is slowly begiiming to 
change. Czech<»Iovakia, for example, announced a major new environ- 
mmtal protection initiative in early 1989, including a $1 .3-billion invest- 
ment by the mid-nineties in desulfurization equipment at nine of the 
countiy's most h^vily polluting power plants. China said in 1987 that 
it would, for the first time, equip a plamied coal-fired plant with FGD.-" 

To control nitrogen oxides emissions from power }^ants, countri^ have 
pursued a variety of strategies, with mixed results. The most simple 
nave been modifications in tne combustion process, which yield reduc- 
tions of some 30-50 percent. To date, the United States has invested 
h^vily in this approach, and the United Kingdom and Portugal to a 
lesser degree. More expensive, but also more elective, is a pn^ess 
known as selective catalytic reduction (SCR). This can reduce emissions 
by «)-90 percent. Japan pioneered the technology in the seventi^, pri. 
manly as an anti-smog measure. At the end of 1986, it had 91 units in 
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operation, whidi was about 90 percent of total OEOmember installa- 
tions iond 54 percent of the (xmntry's fbssil-fuel-fired generating capaci- 
ty. West Germany and Austria have more recently embarked on 
ambitious SCR construction programs.*^ 

Also tmder investiption are "dean coal" technologies, which lower 
emissions of both SOj and NO, during combustion. Most prominoit 
anumg them are various fhiidized bed combustion tediru3k)gies, wheie- 
by crushed coal is burned on a bed of limestone suspended by an 
upward injection of air, and a process known as integrated gasmoi- 
tkm-<ombuied cycte, in which cnal is translormed into a gas tised to run 
a turi»ne (exc^ heat is tapped to produce s^m, which powm a sec- 
ond turbine). These technologies ofier deep cuts in SO; and moderate 
ones in NO, while simultaneously burning more efficiently. Some of 
them are beginninjg to be ccmunerdalized, mough others are still at the 
demonstration phase. Though an improvement over conventional 
power generation, "clean OMl" is nevertheless something of an oxy- 
moron: the technoli^es only mai^ginally redu<% carbon dioxide emis- 
sions and can produce pn^Iematic wastes.^ 

In geno^l, new pov^^ f^ts are being fairly tishtiy contnriled in most 
western countries. The problem comes in r. jDiitti]^ existing facilities. 
This is beonning inaeasindy important, as omstruction of new power 
c^ts has slowed in the Itstnal worid. To date, Denmarl^ Japan, ihe 
Netherlands, Sweden, the United Kingdom, and Wrat Gomany are the 
only OECD members to have tmdertaken ^gnificant retrofitting.^ 

Though the t&:hnoIogies just outlined provide necessary immediate 
reductions, they are not the ultimate solution. For one, they can cr^te 
environmental problems of their own, such as the need to distK>se of 
scrubber ash, a hazardous waste. Second, they do little if anytning to 
reduce oirbon dioxide emissions, so make no significant contrunition to 
solving global warming. For these r^sons, they are best viewed as a 
bridge to the day when energy-efficient societies are the norm and 
when pollution-nee sources such as solar, wind, and water power pro- 
vide the bulk of the world's electricity. 

Improving enei^ efficiency is an essential strategy for reducing emis- 



, ERIC 



28 



euen&l ^lat^ reditdiig 
emissions from power plants.^ 



skms from pow^ plants. Such n^isures as the widespread use of more 
^Sc^t leni^eratms and lighting can sigxuficantly aiul cost-actively 
redura electricity consimiption/ which will in turn reduce emissions. 
Ths Am^can Council for an Enexgy^^Effideiit Economy (ACEEE) has 
identified widely available conservation measures that could bring 
e^tridty demand 1 5 percent below utility foreoists in a region of the 
VS. Miaw^ that is rraponsdble for 33 p^i^^t of the nation's utility- 
generated sulfur dioxide. Implementing this program would cut SO2 
emi8aicm$by7-ll peroent between 1992 and 2002 and NO^ by an tuide* 
termined but significant amotmt^ 

Equally important, the savings that result from not building power 
plants oecause d^xumd has been lowered by efficiency can more than 
offset the cost of emi^cms controls at existm^^ plants. This is a potmt 
combination. Indeed, the ACEEE, using conservative assumptions, 
found that a>nsun^rB in the Mid wst coiud r^i^ 
lion if cmi^ons controb and accelerated conservation were both pur* 
sued as part of a national effort to halve SO2 emissions. Emissions 
controls in tite abseiKe of efficiency investments would instead cost bil- 
Ikms of dollars.^ 

Similar rethinking can hdp reduce auto emissions. To date, modifying 
car en^es and installii^ catalytic converters have i^n the primary 
^teg^ used to lower harmful emisdons. However, even in countries 
that nave mandated converters — ^which reduce hydrocarbon emi^ions 
by an average df S7 perc^t, carbon monoxide by an av^ge of 85 per- 
cent^ and nitro^ oiides by ^percent over the life of a vemde—ria^ 
auto ^ets are overwhelming ^eir efficacy Though catalytic converters 
are sorely needed in countries that don't require them, they are not 



Reducing air pollution in urban areas is likely to require a major shift 
away foom automdnles as the cornerstone of urban transporbition sys- 
tems. Af ongestion woi^ns in most major cities, driving to work is 
bNBComing increasingly imattxactive anyway Convenient public trans- 
portation, car pooling, and measures that fadlitate bicycle commuting 
are the cheapest, most effective, most sensible ways for metropolitan 
areas to pnx^ed.^^ 




Driving restrictions already exist in many cities around the world. In 
Florence, Italy, the heart o. the city has been turned into a pedestrian 
mall during daylight hours. Portions of central Rome are off-limits to 
normal car traffic for seven hours a day, during the morning and 
evoiinfi nish hours. Budapest bans nK>tor traffic from aU but two streets 
in the downtown area during particularly polluted spells. In both 
Mexico City and Santiago, one-mth of all vehicles are kept off the streets 
«ich weekday based on their license-plate numbere. Lagos has had a 
similar system in place since 1976, witii odd and even numbers taking 
tT'msK ^ 

One (^on under consideration in many countries is the introduction 
of vehicles powered by alternative fuels, such as methanol, ethanol, nat- 
ural gjas, hydrogen, and electricity. Although these fuels would reduce 
emissions of certain problematic pollutante, in some cases substantially, 
their widespread use runs the ride of solving one problem by substitut- 
ing others. 

For example, though most analjpts agree that methanol would yield 
some reductions in ozone formation, vehicles powered by this fuel pro- 
duce two to five times more formaldehyde, a probable human carono- 
gen, as do those run on gasoline. And if methanol is made from coal, as 
It might well be if it were relied on in a substantial way, emissions of the 

S'mary greenhouse gas, carbon dioxide, would be 20-160 percent 
her than from gasofine. In addition, methanol is a highly poisonous, 
OTless, odorless, and tastel«s liquid tltat could contaminate gnnmd- 
water in the event of leaking storage tanks and seriously harm someone 
if splashed during refueling. When ingested or absorbed through the 
skin, methanol is at least twice as toxic as gasolinp.53 

Other alternatives are also by no means panaceas. Natural gas offers 
reductions of from 40-60 percent for hydrocarbons and 50-95 percent 
for au-bon monoxide, but an increase of 25 percent in nitrogen oxides. In 
addition, its use poses distribution and design problems and would 
reduce greenhouse emissions only marginally.^ 

Ethanol, an alcohol distilled from bioma^, emits substantial quantities 
of acetaldehyde, which can speed ozone formation. Its production is 
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currently economical only with heavy government subsidies, and 
because it is often made from grain, its wid^pread adoption could 
result in a competition between food and fuef The global warming 
implioitions erf ethanol use depend upon the fossil hid intensity of the 
agricultural production process* In the United States, total carbon diox- 
ide «ni^ions from ethanol production are estimated to be 63 peixrent 
leM on an enei^-unit basis than th<»e from gasoline production and 
confibu^on.^ 

For the lone run, electricity and hydrogen are probably the most 
raomising otthe alten^tive fuels. Cars that run on electricity generated 
hy natural |as can leduce emissions of hydrocarbons by 99 percent, car- 
bcm m vnoxide by nearly 100 percent, ara nitn«en oxides by 84 percent; 
vehicles run on nydro^ produced by electnx^r^ of water by a poUu- 
tion-free power source such as solar enemy would emit no hydrocar- 
bons or carbon monoxide and significantly lera nitrogen oxides. With 
both electricity ami hydrogen, however, tl^ key questi<m is what fuel is 
vaed tr produce it, Efectridty generated from iK>n*ponuting, renewable 
sources is an a]^>ealin^ prospect, but not on the inunediate horizon fbr 
widespread application. Similarly, hydrogen produced by photo- 
voltaics— solar cells— would be an attractive option, but photovoltaic 
j^^^^dll have to drc^ five- to tenfold before this will be economically 

The problems posed by alternative fuels are not necessarily insurmoimt- 
able. If s**ch programs are to render real bet^ts, however, they must be 
implen^te^ with great care as one component of a broader ettort. 

Less glamorous but perha{» more practical would be measure such as 
reducing the volatility of gasoline— which would lower emissions dur- 
ing refueling and from tanks--and introducing widespread inspection 
ara maintenance programs to ensure that emi^ions control systems are 
functioning properly* Indeed, a recent U.S. Office of Technology 
Assessment (OTA) report concluded that reducing gasoline volatility 
would co^ $120-760 per ton of hydrocarbons avoid^, and implement- 
ing inspection and maintenance programs $2,100-5,800 per ton of 
reductions, whereas replacing gasoline with methanol would cost 
$8700-51 W per ton,57 

!c SI 



A de^ priority as society struggles with both air pollution and glol^ 
wanning is to ena)wage ti» manu£actu^ 

that aieDoth low in emiraions and high in fuel economy* There is a 
direct relationship Mween fuel economy improvement and carbon 
dtoxide oni^ons reductions, but a for more ambiguous one between 
fueleamomy and ^convoiticmal^ pdlutants* In the latter case, the rda* 
tionship is complk^ted by variabtes such as combustion temperature 
and amcnmt ana type of catalysts. 

Tlwugh the automobile industry has claimed over the years that the 
goals erf redudiwanissions and improving fuel ea>nomy are in direct 
omflict both the EPA aiKl tl^ C)TA maintain that tii^ 
Iraleed, nu>st technok^es employed to improw fuel economy redtice 
emissions. While some measures chosen to improve emi^ons may 
ortail a fi^ecom)my penalty, thk can be avoided An analysis of car 
models by Chris Calwell of the Natural Resources Defense Council 
d)Ows Uiat die 50 effictent emitted oi^diiid less hydi^^ 
the average car aiKl roughly half as mtid\ as the 50 least efficient 

As with power plant and auto emissions^ efforts to control airborne 
toxte chemicals wiU be most successful if they focus on waste minii^^ 
tion rather than simply on control. Such a strat^ also hdps prevent 
waste from just bein^ shifted from one form to another* Many control 
technologies, such as scrubbers and ftlters, produce hazaidous solid 
wastes that mu^ thra be dispc^ed of on land . The OTA has concluded it 
is technically and economically f^Ue for U.S. industries to tower pm 
duction of toxic wastes and pollutants by up to 50 percent within the 
next few years. Similar reduction po^ibilities exist in other coimtries.^ 



A Political Progress Report 

The enormous health and environmental cc^ts of air pollution wotild 
app^ to present a compiling ai^ument for ccmtroUing harmful emis* 
sions. Uniortunately, only a few policynvakers are considering imple- 
mentation of the comprehensive strategies that are nec^sary. Recent 
developments at the national and international levels — though steps 
forward — ^remain inadequate to the task 
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"Because aif poQution crosses Inmlers 
Willi impvnitjr, mtemational coopaation 
on xeditdng emi^ons is ^entiaL'' 



In tiie United States, Coi^ress is currently dating ma^ amendments 
to theOean Air Act of 197D. After years of deadlock in the ie^slature 
and inaction at the White House, Kr^dent George Bush submitted a 
rian <rf his own for cm^ ress kmal con^ierahon in July 1^. TTiis ^ve 
leadership, ooniUned widi ^rong miblic su jjport kxr stroigthened envi- 
nmment^ icsulations, has raised nopes thitt le^slati^ 
place that will halve the emissions that cause add rain, tighten emis- 
^ora ^andaids for automobiles significantly, and require much stricter 
control of toxic air pollutants.^ 

Thou^ any legislati<m is an improvement over the current impasse, ^ 
administration's profx>8al missed the opportimity to addre^ the prob- 
lem at a fundamental level by encouraging energy efticiency, waste 
reduction, and a revamping of transportation systems and urban 
designs. From this point of view, the aad rain provisions are probably 
the most promising, as they would give utilities their choice of ccmtitd 
strategiiiti, including energy efficiency. Positive in(»ntivra, however, 
could have helped make this the clear first choice for utilities rather 
dum amply an qTtion. 

One controversial provision of Btish's plan would set up a market in 
leducticn allowances of mlfur dioxide and nitrog«t oxides, the precui^ 
SOTS of ackl rain. Uroier such 4> program, a company or power plant that 
had reduced its emissions bdc^w a c^tain threshold could s^ the bal- 
ance to another firm. Hie goal i » to reduce the total cost of pc^ution con- 
trol by ensuring that the pollv ters that can reduce emissions the most 
cheaply do so. Cvitics charge that recognizing a "right to pollute" is akin 
to recognizing a "right to assault." Others question whettier an idea that 
sounds good in theory might not prove problematic in practice. 
Carefully desigi^ emissions-trading schemes may have a role to play, 
but it is important that they not detract attention from the ultimately 
more important question of settinjg incentives that will spur pollution 
reductions ratl^ than simply minimize costs.^^ 

Because air pollution crosses borders with impunity, international coqv 
eration on reducing emi^ons is essential Europe, where many cotm- 
tries lie in close proximity, has a particular concern about 
transboundaiy pollution. For example, % percent of the sulfur deposit- 
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ed in Norway originate in other countries. The Norw^ians am thus 
do little to save their lakes without the help of their upwmd nei^ibors. 
(See Tabled.) r r o- 

Tlunigh tlw j»st few years have seen important incremental advances 
in international forums, there remains much room for improvement. 
Under the auspices of the U.N. Economic Commission tor Europe, 
agreements to reduce emi^ons of sulfur dioxide and nitrogen oxides 
have been reached. The SO2 p t>locoI, adopted in July 1985, aiUs for a 
30-percent r^uction in emissions or their tran^undary flows from 
1980 levels by 1993. The nitrogen oxides accord, signed in November 
1988, calls for a freeze on emissions at 1987 levels in 1994, as well as fur- 
tl^ discu^dons beginning in 1996 aimed at actual reductions.^ 

Most but not all mapr cotmtries have signed these agreements; some 
have even made commitments to go beyond them. At least nine a>un- 
tries have pledeed to bring sulfur dioxide levds down to less than half 
of 1980 levels by 1995; Austria, Liechtenstein, Sweden, and West 
Geimny have committed to redudng them by two-thirds. On nitrogen 
oxides, 12 Western European nations have agireed to go l^ond the 
freeze and reduce emi^ons by 30 ^rcent bv 199®. Work is now imder 
way on a protocol aimed at reducing hydrocarbons, precursors of 
ozone.^ 

A November i988 directive by the European Economic Community 
(EEC) represents a binding commitment by the memt^rs to reduce 
add-rain-cau^g emissions significantly. The directive will lower com- 
munity-wide emissions of SO2 from existing powo- plants by a total of 
57 percent ftiom 1990 levels by 2003, and of nitrc^en oxides by 30 per- 
cent by 19^. The amount each country will be required to cut is l^sed 
on its contribution to long-range transboundary pollution, level of 
industrial development, dependence on domestic high-sulfur energy 
resources, and pollution control efforts before 1^. Belgium and West 
Germany, for example, would have to reduce SO2 emissions by 70 per- 
cent by 2003, while Ireland could have 25 percent higher output and 
Portu^, 79 percent higher. (See Table 7.)" 

These commitments, while far better than nothing, are not enough. For 
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Tslble 6: Sulfur Pollution in Selected European Countries, 1988^ 



Countiy 


Total 
Emissicms' 


Total 
Depodtion 


Share of 
EmissicNns 
Exported* 


Share of 
Deposition 
Imported 




(thoiaand ti»is) 


(percent) 


^^o^way 


37 


210 


76 


96 


Austria 


62 


181 


74 


91 


Sweden 


110 


302 


69 


89 


SwHzeiland 


37 


65 


81 


89 


Netherlands 


145 


104 


80 


72 


France 


760 


622 


67 


59 


West Germany 


750 


628 


63 


56 


Czechoslovakia 


1,400 


659 


75 


47 


P(Hand 


2^ 


U48 


68 


46 


Soviet Union' 


5,150 


3,201 


61 


38 


Italy 


1,185 


510 


72 


36 


East Germany 


2,425 


787 


75 


22 


Spain 


1,625 


590 


72 


22 


United Kingdom 


1390 


636 


71 


15 



Sulfur is generally enUtted as sulfur dio)^^ 

kal deriva tives^ indiKiii^ sulfurk acui and sulfates, 

Unless othenvi^ nc^ed^ emisskms figures arepreliminary 1988 data. Data for Austria, 

S^veden, and France are for 1^; Italy, 1^; and ^sin, 1^. 

^4ay be deposited either in aiK><heranuitiy or over a body of water. 

^Only tl^ Eun^)ean part of the Soviet Union; thus, export figure includes exports to the 

A^an part of Ae Soviet Union . 

Source: Wbrldwatch Institute, ba^ on emissions data in Economic Commission for 
Euirae, "Annual Review (rf Strategies and Policies for Air Pollution Abatement^ 
(draft), Se^mber 26, 1989, and on data on transboundary fkmrs supplied by t!^ 

EunyeanXtortltoring and Evaluation Program. 



one, it is unclear whether all signatories to the SO2 ^nd NO^ protocols 
will m^et their tai^ets. Second, the reductions envisioned are too little 
and too late to protect the environment adequately. Ecc4ogists who have 
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Ihble 7t Sulfur Dioxide Emissions Reductkms Tu]^ from Exisfin^ 
Plants^ According to the EEC Diradive 





1980 


1993 




2003 


Countiy 


B^Iiitt 


Target 


Ikiget 


TiUget 






(percoit rediKtiOT relative to 


basdlne) 


Bfelgivun 


530 


-40 


-60 


-70 


Dounark 


323 


-34 


-56 


-67 


France 


1,910 


•40 


-60 


-70 


Greece 


303 


+6 


+6 


+6 


Ireland 


99 


+25 


+25 


+25 


Italy 


^450 


-27 




-63 


Luxembouig 


3 


-40 


-60 


-70 


Netherlands 


299 


-40 


-60 


-70 


Portugal 


115 


+102 


+135 


+79 


Spain 


2^ 


0 


-24 


-37 


United Kingdom 


3^ 


-20 


-40 


-60 


We^Gennany 


2;225 


--iO 


-60 


-70 


TOTAL 


14,430 


-23 


-42 


-57 



Source: Nigel riaigh, *New Tools for European Air Ponution," Internationa} 
Envtnmmental Affairs, Winter based on European Economic Community 
Directive 88^, November 24, 1988. ' 



looked carefully at the amount of pollution that various European 
ea»ystems can withstand believe that cuts in emissions on the oraer of 
90 peix^t in sulfur and nitrogen oxides and 75 percent in ozone levels 
are v^rhat is really needed. How individual countries will choose to meet 
their given targets remains an open auction. Unfortunately, energy 
efficiency rarely app^rs at the top of their lists.^ 

Europe generally has been quicker than the United States to address 
add rain, but slower to tackle urban air quality. Though non-EEC coim- 
tries such as Austria, Norway, Sweden, and Switzerland have had 
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^Xos Alleles is MIC of the SxA 
r^ons to realize tiiat lutliig 
change will not come by merely 



tinkexing witti the status ipia: 




strong auto emisstons control legislation in place tor several years, until 
recently the community had b^n unable to agree on stringent stan* 
danis* 

This finally changed in June 1989, when the EEC Council of 
Environmental Mmisters ended a nearly four^year debate and 
approved new standards for small cars that will as tou^ as those 
now in efiiect in the United States. To me^ them, small cars will have to 
be equipped with catalytic converters. Standards tor large cars were 
already in place, but the EEC enviroiunent commissions is ccmsidaing 
^ricter ones. A community- wide speed limit is also being locd^ at as a 
pollution control measure, but West German fascination with high- 
speed driving may make this (politically infeasible. Although dearly a 
stq> forward, it is somewhat ironic that Europe sees its adoption of VS. 
standards as a nuijor victoiy at the same time that the Umted States is 
realizing these regulations oo not go far enough.^ 

Los Angeles— with the worst air quality in the United States— is one of 
the first regions in the world to really imderstand that lasting change 
will not come by merely tinkering with the status quo. Under a bold 
new air quality plan embracing the entire region, the government will 
discourage automobile use, brost public transportation, and control 
polluting household and industrial activities. For example, paints and 
solv^ts will ha\^ to be reformulated, ^soline-powerea lawn mowers 
and barbecues and fuels that reouire lighter fluid will be t^imetd, car^ 
TOoIing will be mandated, and tne number of cars per family limited. 
Though the plan has been approved by all of the relevant state and fed- 
eral agencies, implementing it at the local level will likely prove a chal- 
lenge.^ 

In Eastern Europe and the Soviet Union, air pollution has only recently 
emerged as a pressing {:K>litical issue. Fyodor Moxgun, then head of the 
Soviet Union s State Committee on the Protection of Nature, reported 
to the Nineteenth Communist Party conference in 1988 that air pollu* 
tion levels in 102 Soviet cities, affecting more than 50 million people, 
were often 10 times higher than the national standard. This official 
recognition of the problem was an important step. Similarly, when 
Solidarity sat down with the Polish leadership in March 1989 for the 




discussions that resulted in a Solidarity-led government, 
environm^ital issues in general and air pollution in particular fieured 
praminentlyontheagenda.w 

To make a dent in their poUution, Eastern Europe and tlw Soviet Union 
will need western technologies as well as domestic reform. Given cur- 
economic conditions in these countn«, however, "environmental 
aki" fttan the West will be nece^ary for the purcl^se of pollution con- 
*^ efficiency, renewable enef^gy, and waste reducticm technolo- 
gic. Such aid can be in the best interests of the purveyor, as stemming 
pollution in Eastern Eun^, where even rudintentary controk are stu 
l^idng, can yield a far greater retuni on the in vestment than taking fur- 
ther incremental steps at home. Sweden, for example, imports 89per- 
^t of the sulfur that is contributing to the poisoiSng of its lakes and 
forests by acki rain. (See Table 6. ) Because much of this total is of Eastern 
European origin, anything Sweden does to combat emissions there 
helps Sweden at home as well. Concern about global warming is an 

added impetus for the VNfest to help the East with enerey efficiency and 
renewable eneigy. ^ 

Several promising initiatives are already under way. To dte just a few of 
many examples, the U5.-based Natural Resources Ds fonse Council and 
Rocky Mountain Institute are advising the Soviet government on poli- 
cies to improve eneiigy efficiency. The U.S. Ccmgress has passed legisla- 
tion that will allocate $40 million in environmental assistance for 
Poland and Hungary, a token sum given the magnitude of the problems 
but symbolically important. And the Swedish government has 
announced that it plans to twovide Poland with $45 million in aid over 
Jn^nett three years, mostly for ef.vironmental protection. East and 
west Germany recently initiated a three-year program to cooperate on 
pollution control East Germany will contribute 120 million deutsche 
marks ($65 million) and West Germany, 300 million ($163 miUion) that 
will go toward the purchase of advanced coal-buming technotogy for 
power plants and other pollution control measures. 1^ e two countries 
will also standardize air pollution data in order to help forecast smoes 
diat waft across the bonier.w 
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Air pollution is b^inning to em«ge on the political agenda in the Thiid 
World as well. In Ciiba^o, Brazil, a notoricnisly polluted industiial dty 
known as "the Valley of Eteath," a five-y^irold government cleanup 
campa^ is starting to make a dent in tne problem. Total emi^ions ol 
parteu&tes, for iiBtaiKe, weiecut from 236,600 kilograms a day in 1984 
to in 1^. Mexico Qty, too, is embarkumz cm an ambitious clean- 
up. With the suoport of the Worki Bank, West femany, Japan, and the 
united S^tes, the munid^ al ^vemment hopes to introduce a padcage 
of m^i^ires to cut automotive pollution dramatiolly over the next two 
to three yeare.^ 



Industrial countries are involved in a variety of dforts to assist develop- 
ing countries with air jpollution problems. The International 
Environmental Bureau in Switzerland and World Environn^t Center 
in New York hdp fodlitate transfer of pollution control information and 
technology to the Third World. The World Bank is exploring ways to 
step up its air pollution activiti^. One prop(»ed project invdving tlw 
World Bank and the U.N. Development Program would help Asian 
governments confront urban environmental problems, induding air 
pollution. Legislation recratlv p^ed 1^ the US. Congress reouiies the 
U.S. Agency lor Intemationail Devdopment, in the interests ot slowing 
dd^al warming, to encourage eneigy effidency and renewable ener^ 
through its programs. This will reduce air pollution at the same tim&^ 



In attempting to help Eastern Europe, the Soviet Union, and the Thiid 
World with air pollution problems/ western industrial countries must 
take care not to simply transfer wholesale their current pollution contn^ 
strategies—strategies that clearly have not solved the poblem over se/- 
eral decades. The ultimate solution to air pollution is not to control it 
but to act in ways that prevent it in the first place. 



An Agenda for Qean Air 

As we enter the nineties, air pollution policy aitnmd the world is in flux. 
Though numerous technologies and strat^es are available to reduce 
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emiaaons, tl^ piecemeal ad<^<m has 1^ overall failtire in the iMt- 
tk for dran air Hforts to impttn^ air quality 1^ fbcusmg on one pollu* 
tant at a time have proven inadequate. To clear the air, it will be 
nece»ary to supolaodait txaditional air pollution strategies with inno- 
vative policies tnat encourage enei^y efficiency and non-polluting, 
renewaole energy sources, minimize dependence on the automobile, 
ax^ Induce the production of toxic wastes. 



Developing a more environmentally benign ene^ system depends 
critically on conecting market impeniections. The fu^t step is to ensure 
that subsidies are removed so that the cc^t of energy reflects ite true 
value, providing an incentive to use less. Centrally planned or con- 
treated ecommiies in Eastern Eim>pe, the Soviet Union, and the dev 
ing world have the potential to make particularly rapid strides in tms 
direction as they move towaixt market-based economies* In China, for 
example, ener^ efficiency has improved an average of 3.7 percent 
animally siiK^e tne cotmtnrs ea>nomic reform prc^ram began in 1979. 
As energy uw per unit of grc^ national product decline, so does the 
anK>unt of pollution.^ 



Incorporating the environmental costs of bumine f(»sil fuels into the 
power planmng process is a crucial second step-in the United Stat«, 
t)^ State of New York is pioneering this approacn. Under an innovative 
program, a competitive market is beine set up whereby independent 
power producers must bid against eacn other for power supply con- 
tracts. Suppliers plaxming tobum fosdl fuels are rec^iired to add nasuiy 
one cent per kilowatt-hcmr to their bids to account for air pollution, and 
an additional half cent per kilowatt-hour to account for other environ- 
mental This can give renewable sources or energy efficiency just 
tile ec*^ they need to be competitive^ 



Such a program could be effectively supplemented by rewarding utili- 
ties tkit reduce en\issions, and customers' bills, through efficiency pro- 
grams with a slightly higher rate of return on investment. If 
aggressively implemented, these poUdes could eliminate the need to 
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Developing a more environmentally 
t>en%R eneigy system depends critkally 
on conecni^ maricet imperfections.^ 



build additional power plants in industrial countries and even make it 
possible to phase out today's most polluting plants.^^ 



Taxing emissions also can serve as a strong disincentive to pollute. ' 
Swedish officials have drafted proposals that would tax sulfui^ nitrogen 
oxides, and carbon dioxide emissions. The sulfur and carbon diouide 
taxes would be levied on the purchase of fuels, while the nitrogen 
oxides tax would be levied directly on emissions from factories and 
power plants. If the proposed plan is approved, by the end of the 
decade it would reduce sulfur dk>xide missions by 7 percent from th^ 
1987 level, nitrogen oxides by 8 percent, and caibon dioxide by from 9 
to 17 percent. The Italian cabinet has recently approved a similar 
scheme as part of its 1990 budget, though it rnwst still be passed by the 
parliament France and Japan have experimented with tnis appn^ch 
for several ^ears. Though the charge imposed in these countnes have 
sua»eded m raising revenues for deagnated purpc^es, thay have not 
had a ^gniikant impact on emissions b^use me rees woe set too low^ 
To [nevent such taxes from raising the national tax burden, they can be 
oflfeet by reductions in other taxes^ 



Though encouraging materials recycling has caught the public's atten- 
tion as a way to save on scarce landfill space, its pollution prevention 
potential is equallv important. Each ton of paper made from nevraprint 
rathCT than wood lowers enei^gy use by one-fourth to three-fifths and air 
pollutants by some 75 percent Aluminum produced from recycled cans 
rather than ore cuts emissions of nitrogen oxides by 95 f^rcent and of 
sulfur dioxide by 99 percent/^ 



New transportation policies can help lessen s<Knety's dependence on 
auton\oMes--eq?e<±jlly the most polluting and fuel-ineffiaent varieties. 
In addition to restricting the entry of cars into downtown areas, mtmid- 
^ governments can invest more in efficient public transportation sys* 
tems and help commuters organize car |x>oIs to keep vehicles off the 
road Developing polkies to o^ure that drivers pay the fuU cc^ of using 
dieir cars could also curb automdbile dependence. Taxing or eliminating 




free parking benefits, collecting tolls or fees for road use, and imposing 
hefty ^soline and automdrile sales taxes are all means to this end. 



A r&xnt analysis by John Pucher of Rutgers University that compared 
psoline and auto sales tax rates with average driving frequency in 12 
NorA American and VV^tCTn Euiopean countries concluded that high 
gas and auto sales taxes tend to deter driving. In the United States, 
where gas taxes are only 45 percent of the pre-tax price and auto sales 
taxes 5 percent, the citizenrv drives an average of 7,7tX) kilometers per 
person per y^ in Ctenmark, with gas taxes of 355 percent and an auto- 
mobile sales tax of 186 percent, only 4,2(X) kilometers per person are 
driven annually. While varying tax rates are only one explanation for 
these large differences, the Rutgers study concludes that they are an 
important one,'^ 



To encourage the manufacture and sale of less-polluting cars, govern- 
ments could consider an emissions-pegged safes tax. Analysts at the 
Lawrence Berkeley Laboratory in Berkeley, California, have suggested a 
revolving fund thiat would tax new high-emission care, and ^ibsidize 
cleaner ones. Consumer demand would thai spur the industry to pix>- 
duce less-poUuting autos. Sw^en has already successfully used such 
an approach to promote the purchase of cars equipped with catalytic 
converters.78 



Beyond tax policies, dependence on the automobile can also be mini- 
mized through better land use. In the sprawling cities of Denver, 
Houston, and Los Angeles, roughly 90 percent of commuters drive to 
work. In Eur^, 1^ contrast, where extensive suburfjs are less common 
and commuting distances generally half those in North America, only 
about 40 jpercent of uiban residents commute by car. In the future, "satel- 
lite dti^ may become the norm: self-contained communities for home 
and work connected to a central uiban hub by convenient rail transport.'' 



Because emissions of toxic chemicals into the air are commonly less 
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strongly regulated than those onto land or into water, stricter controls 
on them are sorely needed. Over the long term, th^s will serve as an 
incentive to reduce waste: as d: 3iK>sal becomes more difficult and 
expen^ve, waste reduction and recycling become increasingly attrac- 
tive Certain c^h^ ecoiiomic incentives coi^ Fbrexample^a 
^deposit-reiund"' system might be implemented whereby industries are 
taxed on the purchase of hazanious inputs, but given a refund for 
wastes imxluced torn them that ure recovered or recycled.^ 



Freedom of information is an often neglected but crucially important 
eten^t in an effective air pollution strategy. Experience in the United 
States has shown that public access to information about what 
ch^nicals a plant is emitting can be instrumental in spurring public 
response, and more respon^bie behavior indtist^ 
its revise of information on emissions mandated under right-to-know 
i^islati(»v the Monsanto Comf^y announced its intention to cut t^ck 
its toxic air raiissions by 90 percent by 1992.^^ 



Mo^ Etm>p»n coimtries have yet to provide for the release of informa* 
ticm abmit emissions from industrial plants, although the EEC is consid- 
ering a draft directive on freedom of information on environmental 
matters that would improve this somewhat. Glasnost is gradually 
improving the environmental data flow in some Eastern European 
countries and in the Soviet Union, though much progress in this area 
remains to be made. Grassroots groups m some developing countries 
are also beginning to break down the secrecy barriers.^ 



Now that air ]x>llution and its damaging health and ecolc^ical effects 
have proliferated aroimd the globe, crossing borders with the winds^ 
international cooperation is critical. Nations that receive the bulk of 
their pollution from other coimtries have an obvious interest in sharing 
and nnancing the technical means to reduce that pollution. Just as 
eraential is information sharing. International negotiations within the 
framework of both the Economic Commission for Europe and the 
European Community as well as the ongoing negotiations on global 
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warming offer invaluable opportunities to trade Insights and experi- 
OKes. 



While the nteans are available to dear the air, it will be a difficult task. In 
the West, powerful businesses with vested interests in the status quo 
will strongly resist measures that cost them money. In Eastern Euic^, 
the Soviet union, and the developing world, extreme economic prob- 
lems oxipled with shortages of hard curreiuy m^n that money for pol- 
lution prevention and control is scarce. 

Around the world, however, the notion that "pollution is the price of 
progress" has become antiquated. Faced with ever mounting costs to 
human health and the environment, people on every continent are dis- 
covering that p dilution prevention is a sound investment. This new- 
found consensus is an essential first step; the challenge now is to move 
beyond it to concrete action. 
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